Climacteric fruits naturally can be over-ripened because of ripening hormone composed of ethylene gas. Removal of ethylene gas by potassium permanganate (KMnO4) has successfully preserved the fruit, but there is still a room for improvement through nano-confinement process. This study was conducted to compare the ethylene oxidation rate and fruit preservation ability of KMnO4 and nano-KMnO4. Ethylene oxidation experiment was conducted in a gas-tight vial filled with ethylene gas (~20%v) and either KMnO4 or nano-KMnO4. Ethylene gas concentration inside the vial was periodically measured using gas chromatography (GC). The result revealed that ethylene oxidation rate by nano-KMnO4 is higher than KMnO4. The ethylene oxidation rate kinetic was modeled with a gas-solid reaction model, which is fundamentally more accurate than first-order reaction model. Fruit preservation experiment was conducted in sealed containers filled with banana (Musa acuminata) samples and either KMnO4 or nano-KMnO4, and stored at room temperature. The result revealed that banana preservation duration by nano-KMnO4 is remarkably longer than KMnO4, where unpreserved fruit was ripened after 7 days and fruit preserved by KMnO4 and nano-KMnO4 were ripened after 13 and 16 days respectively.
INTRODUCTION
Climacteric fruit is one of many Potassium permanganate oxidizes ethylene gas through a gas-solid reaction.
The absence of ethylene gas will prevent climacteric fruits to become ripened.
Potassium permanganate oxidize ethylene in a series of reactions, through acetaldehyde and acetic-acid pathway.
Further oxidation will completely convert ethylene gas into CO2 and H2O (Platt, 2017) . The overall reaction stoichiometry of those series of reactions is described as follows.
3C2H4+12KMnO4⟶12MnO2+12KOH+6CO2 (1) Pure KMnO4 solid is already capable of oxidizing ethylene gas, but its oxidizing ability can be improved through nanoconfinement process. Nano-confinement process will increase the area of contact between reactant, shorten the diffusion distance, and increase the number of atom in grain boundary, as reported in various studies (Prasetyo et al., 2018 (Prasetyo et al., , 2019 (2)). (1) rc and CA,core are described by Knoor et al.
(2012) as shown in Eqs. (3) and (4). rc is the remaining core radius and CA,core is ethylene concentration at reacting core surface.
(2)
Ethylene oxidation by nano-KMnO4 is described by different equations, although it is also a gas-solid reaction. A shrinking core model usually controlled by those three-step mentioned above, but nano-KMnO4 is confined inside porous AC so that pore diffusion may become another controlling step. Simplifying the model, a general first order reaction in terms of ethylene concentration is employed.
Effectiveness factor (denoted as ε) as described by Levenspiel (1999b) is applied as the correction factor because reaction occurred inside a porous material tend to be slowed down by pore diffusion. By using mass balance, general equation in terms of ethylene conversion (XA) is developed as shown in Eqs. (5)- (7) . Nano-KMnO4 fit) shown in Fig. 3 (4) and (7) solid before and after reaction is retained by the MnO2 'ash' formation, so that the reaction is fit with an unchanging size shrinking core model.
Test of Banana Preservation
The preservative characteristic of KMnO4 and nano-KMnO4 toward Musa acuminata were investigated. The experiment was done in a small container at room temperature (28 o C) with minimum sunlight exposure. The object of observation of this experiment are peel color changes and brown spots area measurement. This experiment lasted for 19 days, when all the bananas already developed brown spots.
Peel color changes are observed every 24 h. The observed color are then quantified based on peel color scale as described in preceding chapter. A graph showing observed peel color change is presented in Fig. 6 . 
